Abstract A new genus of Compositae, Shangwua, is described to accomodate all species formerly placed in Saussurea sect. Jacea. This genus is distinct from the other genera of tribe Cardueae in its unique combination of states of characters including involucral bracts, receptacle, paleae, anther, style, achene and pappus. Phylogenetic analyses based on molecular data suggest that this new genus belongs to the Xeranthemum group, a lineage of the Carduinae that diversified early, with only distant relationships to Saussurea and related genera. The genus Shangwua consists of three species occurring in the Qinghai-Tibetan Plateau and Himalayas. 
INTRODUCTION
Cardueae was one of the first tribes to be recognised in Compositae (Cassini, 1819) . Its members share a thickened hairy node below the style branches, and they occur mainly in temperate regions of Eurasia (Dittrich, 1977; Häffner, 2000) . The most recent revisions of the tribe (Susanna & Garcia-Jacas, 2007 ) recognised around 2500 species in 73 genera. Four of the genera (Centaurea L., Cirsium Mill., Cousinia Cass., Saussurea DC.) are extremely species-rich (Bremer, 1994; Susanna & Garcia-Jacas, 2007 . Substantial progress towards understanding the evolutionary relationships of the tribe has been made recently using molecular data (e.g., RaabStraube, 2003; Kita & al., 2004; Martins, 2006; Barres & al., 2013) . However, generic delimitations and phylogenetic relationships remain unresolved for some groups, notably the Carduus-Cirsium group and, in particular, the Saussurea group.
First established by Candolle (1810a, b) , Saussurea was initially described as having a pappus composed of an outer row of short, discrete and scabrid bristles, and an inner layer of long, basally connate and plumose bristles. Candolle later found that certain species assigned to Saussurea lacked an outer row of pappus bristles, although they resembled Saussurea in other characters. He thus established a new genus, Aplotaxis DC., to accommodate these species (Candolle, 1833) . However, an outer row of pappus bristles was observed for some Aplotaxis species by Schultz (1846) , having merely been overlooked by Candolle. Schultz therefore returned Aplotaxis to synonymy with Saussurea, and this treatment was followed by Clarke (1876) , Hooker (1881) and many others. This broad generic circumscription was also adopted by Lipschitz (1979) in his monographic revision of Saussurea, which recognised a total of 390 species and established an infrageneric system of six subgenera and twenty sections. Subsequent floristic works largely followed this system (Chen, 1985; Liu, 1996 Liu, , 2004 Shi & Jin, 1999; Saklani & Rao, 2000) , and recently described species have been assigned to these subgenera and sections (Wang & al., 2005; Fujikawa & Ohba, 2007; , 2011 Liu & Ho, 2010; Chen, 2010 Chen, , 2011 Chen & Gan, 2011) . However, the status of Saussurea subg. Jurinocera (Baill.) Lipsch. and S. subg. Frolovia (DC.) Lipsch., and that of S. sect. Elatae Hook. f. within S. subg. Saussurea is controversial, with some authors suggesting that each be recognised as an independent genus based on morphological and molecular phylogenetic evidence (Kamelin, 1993; Häffner, 2000; Raab-Straube, 2003; Kita & al., 2004; Shi & Raab-Straube, 2011) . Others have suggested transferring these three groups into the genera Jurinea Cass.
or Dolomiaea DC. Wang & al., 2007) . In the latest taxonomic treatment for China (Shi & Raab-Straube, 2011) , Saussurea sect. Elatae, S. sect. Frolovia (DC.) Kitam. and S. sect. Aucklandia (Falc.) O. Hoffm. were treated under the genera Himalaiella Raab-Straube, Frolovia (DC.) Lipsch. and Aucklandia Falc., respectively. The number of remaining Saussurea subgenera and sections in China was reduced to four and eight respectively, including Saussurea sect. Jacea Lipsch., and 289 species of Saussurea were recognised (Shi & Raab-Straube, 2011) .
Previous molecular analyses (Raab-Straube, 2003; , examined 56 Saussurea species, covering four subgenera and seven of the sections recognised by Shi & RaabStraube (2011) , or all six subgenera and 19 out of 20 sections recognised by Lipschitz (1979) . Those analyses confirmed the exclusion of some sections from Saussurea and resulted in the recognition of Saussurea s.str. as a monophyletic lineage ). In particular, Saussurea forrestii Diels (= Saussurea denticulata (DC.) Wall. ex C.B. Clarke 1876, non Ledeb. 1829, nom. illeg.), up to now placed in Saussurea (subg. Saussurea) sect. Jacea, was found to occupy a relatively basal position in Cardueae, making it only distantly related to Saussurea and its segregates ). However, the exact systematic position of this species remained uncertain because of the limited number of Cardueae genera sampled in that study. This rather surprising result prompted closer examination of the morphology of the six species (Saussurea fastuosa (Decne.) Sch. Bip., S. forrestii Diels, S. glabrata (DC.) C. Shih, S. jacea (Klotzsch) C.B. Clarke, S. masarica Lipsky, S. tadshikorum Iljin & Gontsch.) of S. sect. Jacea. These species share the following characteristic features: dark-rimmed involucral bracts, elongated receptacular paleae, and a uniseriate or subuniseriate pappus with plumose bristles (Lipschitz, 1979; Shi & Jin, 1999) . These species were diagnosed mainly by the shape and the indumentum of the leaves and some other quantitative characters with continuous variations, which caused delimitations of some species to be extremely difficult (Lipschitz, 1979; Liu, 2004) .
Here we present the results of molecular phylogenetic and morphological analyses of these species, designed to determine their true position within tribe Cardueae. Based on these data, a new genus is erected and a taxonomic revision of the group is presented (for the complete taxonomic treatment, see Electr. Suppl.: Appendix S1).
MATERIALS AND METHODS
Plant material and sampling. -Only two species of Saussurea sect. Jacea were included for molecular phylogenetic study. The examined material of these two species comprised one accession of Saussurea jacea C.B. Clarke from the western Himalayas, and eight accessions of S. forrestii from the central Himalayas and the Qinghai-Tibetan Plateau (Appendix 1). The third species (S. masarica) with a distinct morphology was not analyzed because it is difficult to collect fresh material of this species in the field and we also failed to amplify the DNA fragments used in this study from the poor DNAs extracted from the specimens kept in herbaria. For the morphological comparison of the species of the new genus with Saussurea and with possibly related genera identified in previous phylogenetic analyses Barres & al., 2013 ; Amphoricarpos Vis., Berardia Vill., Chardinia Desf., Siebera J. Gay, Staehelina L., Xeranthemum L.), selected herbarium specimens were examined (Appendix 2). Additional morphological data were taken from the literature (Bremer, 1994; Dittrich, 1996; Susanna & Garcia-Jacas, 2007; Shi & Raab-Straube, 2011) . According to our previous and initial phylogenetic examination of all genera of Cardueae (Susanna & Garcia-Jacas, 2007; Shi & Raab-Straube, 2011; Barres & al., 2013) , the selected genera should comprise all those potentially related to Saussurea sect. Jacea based on both morphological and molecular evidence.
DNA amplification. -Total DNA was extracted from Saussurea forrestii and S. jacea samples using Qiagen DNeasy Kits, following the manufacturer's instructions. Five DNA fragments (rbcL, ndhF, matK, trnL-F, ITS) were amplified and sequenced, following the protocol used in our previous studies Zhang & al., 2009 ). All five fragments from S. forrestii were successfully sequenced, but only the ITS, trnL-F and partial matK fragments were obtained from S. jacea. These fragments, also obtained from five selected species of Saussurea and other related genera, were amplified and sequenced. After validation by visual inspection of chromatograms employing Mega v.4.0 (Tamura & al., 2007) and further confirmation of the nuclear ITS sequences by forward and backward sequencing, a total of 23 newly obtained sequences were deposited in GenBank (Appendix 1). In addition, sequences representing all known lineages of Cardueae, mainly following Barres & al. (2013) (Appendix 1), were downloaded.
Phylogenetic analyses. -Two datasets were constructed. The first dataset was composed of nuclear ITS and trnL-F and matK sequences of Saussurea forrestii, S. jacea and 24 species representing all major subtribes of Cardueae to test whether the two species of Saussurea sect. Jacea form a monophyletic clade and to determine their probable positions in the tribe . The second dataset comprised data from nuclear ITS and trnL-F, matK, ndhF and rbcL for a total of 105 taxa of Carduae (based on Barres & al., 2013) including S. forrestii, in order to further determine the systematic position of S. sect. Jacea. Oldenburgia Less. was used as outgroup for the phylogenetic analyses of the first dataset, and additionally Brachylaena R. Br. and Tarchonanthus L. from other tribes of subfamily Carduoideae (Barres & al., 2013) for the second dataset. The incongruence length difference (ILD) test (Farris & al., 1995) was used to detect potential conflicts between different DNA fragments, using the partition homogeneity test implemented in PAUP* v.4.0b10 (Swofford, 2003) , with 1000 replicates, and the heuristic search option, with 100 random taxon addition and TBR branch swapping.
Mega v.4.0 (Tamura & al., 2007) was used to calculate genetic distances under the Kimura two-parameter (K2P) model, and to count singleton sites of Saussurea forrestii and S. jacea. Bayesian inference (BI) methods were used to do phylogenetic analyses for all datasets using MrBayes v.2.1 (Ronquist & Huelsenbeck, 2001 ). The GTR + G model, for which the parameters were initially considered to be unknown and estimated during the course of the run, was employed for the following analyses. Four chains, each with a different starting seed, were run for two million generations, and the temperature was set to the default value of 0.2. The trees were sampled every 100 generations, and Tracer v.1.5 (http://tree.bio.ed.ac.uk/software/ tracer/) was used to choose a suitable burn-in. Finally, PAUP* v.4.0b10 (Swofford, 2003) was used to calculate a consensus tree and posterior probabilities (PP) from the sampled trees after the burn-in period were then calculated.
RESULTS
Phylogenetic analyses. -Among the eight individuals examined of Saussurea forrestii, no variation was detected for any of the chloroplast loci, but up to four polymorphic sites were detected in their ITS sequences. Since these eight individuals formed a monophyletic lineage, only one sequence was chosen for further analyses. The ILD test revealed the absence of strong conflicts between the chloroplast and nuclear partitions included in the first dataset (P = 0.213). From a total of 1604 bp, following alignment, 200 singleton and 255 parsimony-informative sites were recovered when the gaps were treated as missing data. The genetic distance between S. forrestii and S. jacea was found to be 1.98%, far less than the distances between them and the other Saussurea species (4.93%-5.43%) or between any other pair of genera (3.33%-8.18%). Saussurea forrestii and S. jacea formed a highly supported monophyletic clade when the first dataset was examined (PP = 100%; Electr. Suppl.: Fig. S1 ). This clade was only distantly related to the other three selected Saussurea species, and fell outside of a clade comprising these and related genera from in and around the Qinghai-Tibetan Plateau, such as Dolomiaea and Himalaiella.
The ILD test also revealed the absence of strong conflicts between cpDNA fragments included in the second dataset. The aligned fragments comprised a total of 4728 bp, with 601 parsimony-informative sites when gaps were treated as missing data. Phylogenetic analysis of this dataset placed Saussurea in a derived position within a strongly supported (PP = 100%; Fig. 1 ) subclade comprising most species of Carduinae but not S. forrestii. Instead, S. forrestii was revealed to be sister to the Xeranthemum group (Amphoricarpos, Chardinia, Siebera and Xeranthemum; PP = 100%; Fig. 1 ), which is one of the basal lineages of Carduinae.
Morphological differences. -All species of Saussurea sect. Jacea share certain characters with other Saussurea species. They all have multiple rows of imbricate involucral bracts, discoid, homogamous capitula and a plumose, basally connate pappus (Lipschitz, 1979; Bremer, 1994; Susanna & Garcia-Jacas, 2007; Shi & Raab-Straube, 2011 ). However, they show marked differences to Saussurea in a number of characters, as described below (Figs. 2, 3 , 4A-L) and in Table 1 .
The roots of S. sect. Jacea are lignified, and field observations suggest that this species is capable of clonal reproduction (Figs. 2B, 3F ). Both these features have rarely been reported for other Saussurea species (Lipschitz, 1979; Shi & Raab-Straube, 2011 ). The receptacle is alveolate and almost flat (Fig. 4D, J) , whereas in most Saussurea species the margin of the alveolae is elongated, forming many subulate, acute bristles. Conversely, in the remaining Saussurea sections true paleae are lacking, whereas in S. sect. Jacea, 1-2 cm long paleae (one per floret) are present. Involucral bracts in S. sect. Jacea have dark, lacerate and membranous margins (Figs. 2C, 3E , 4A, G). Anther tails of S. sect. Jacea species are short and undivided (Figs.  2H, 4C, I ), while those of most remaining Saussurea species are deeply lacerate or woolly. Both genera have thickened hairy nodes below the style branches, but in S. sect. Jacea (Figs. 2I, J, 4B, H) these are at least three times longer than those of the remaining Saussurea species and other genera of Cardueae examined. The character of short and acute style branches is shared between S. sect. Jacea (Figs. 2I, 4B, H) , genera of subtribe Carlininae, and the Xeranthemum group of Carduinae (Susanna & Garcia-Jacas, 2007) . Style branches of most Saussurea species, however, are linear, apically obtuse to sub-obtuse, and at least twice as long as broad (Lipschitz, 1979; Bremer, 1994; Shi & Raab-Straube, 2011) . The pappus of S. sect. Jacea is homomorphic, consisting of a single row of connate, plumose pappus bristles that form a basal ring (Fig. 4E , F, K, L). It therefore lacks the outer layer of distinct, scabrous pappus bristles that are diagnostic for Saussurea. In this respect, S. sect. Jacea resembles Carlina L. (Susanna & Garcia-Jacas, 2007) . Occasionally, some of these bristles are shorter and bent outwards, so they can easily be mistaken for a second row of bristles. However, Saussurea species always have an inner row of plumose bristles that are connate at the base, and nearly always an outer row of scabrid bristles, which are free from each other, deciduous and much shorter than the inner ones. In contrast to the other Saussurea species, the pappus of S. sect. Jacea is directly and firmly attached to the pericarp wall and not surrounded by an apical rim (Fig. 4F, L) . This character is also common in the Carlininae, in Berardia and Staehelina, and in the Xeranthemum group (Dittrich, 1996; Susanna & Garcia Jacas, 2007) .
Saussurea sect. Jacea differs from Berardia, Staehelina and the Xeranthemum group in having a pappus of plumose bristles instead of smooth to scabrid or barbellate bristles or scarious scales (Table 1 ). The paleae (one per floret) are coriaceous, subulate, apically bent or hooked, and always longer than the florets (Fig. 4D, J) , whereas the paleae or bristles in the other genera are scarious, straight and usually shorter than the florets. Saussurea sect. Jacea is also unique among the basal genera of Cardueae in having coriaceous or herbaceous involucral bracts with a broad, scarious, blackish and often lacerate margin (Fig. 4A, G) . Involucral bracts in the Xeranthemum group, for example, are scarious and often coloured. Saussurea sect. Jacea has homogamous capitula and achenes that are glabrous and smooth (Fig. 4E, K) , whereas all other genera of the Xeranthemum group have heterogamous capitula and achenes that are sericeous and often sulcate. It also differs from these in its perennial habit; the genera Chardinia, Siebera and Xeranthemum are all annual. 
DISCUSSION
The pappus structure is the main diagnostic character used to delimit Saussurea (Candolle, 1810a (Candolle, , b, 1833 Schultz, 1846; Lipschitz, 1979; Shi & Raab-Straube, 2011) . Himalaiella and Frolovia both comprise species that were previously included in Saussurea (Raab-Straube, 2003) but differ in having only one homomorphic row of pappus bristles, rather than the two heteromorphic rows found in most Saussurea species. While the status of these segregates is still a matter of debate, they are unambiguously only distantly related to Saussurea, and closer to Jurinea . In S. sect. Jacea, the pappus also consists of a single row of basally connate, plumose bristles. Some of these bristles can be markedly shorter than the others and more strongly bent outwards, resembling an outer row. Moreover, the pappus of S. sect. Jacea is inserted on top of the achene, a character shared with Carlininae and the Xeranthemum group; in other members of Carduinae including Saussurea, Himalaiella and Frolovia, the pappus is surrounded by the apical rim of the achene (Häffner, 2000) .
Our molecular phylogenetic analyses suggest that the two species of S. sect. Jacea examined (S. forrestii, S. jacea) are closely related to each other, comprising a monophyletic clade among the genera of Cardueae (Electr. Suppl.: Fig. S1 ). However, this clade is not closely related to Saussurea, nor to any of the genera closely allied to it (Fig. 1) . Instead, our phylogenetic analyses confirm that S. sect. Jacea occupies a rather isolated position within the Xeranthemum group, a lineage of subtribe Carduinae that apparently diversified early. The reconstructed phylogenetic relationships, together with its unique combination of morphological characters, strongly support the recognition of S. sect. Jacea as a new genus. Our morphological examinations show that all species of S. sect. Jacea share a number of distinctive morphological characters such as involucral bracts, receptacular paleae, shape of anther tails, style branches, achenes and pappus structure and insertion. This combination of characters clearly distinguishes the new genus from both Saussurea and all other genera of Cardueae (Table 1) . However, these characters provide no clear clues to the relationship of this new genus to other basal genera of subtribe Carduinae, e.g., Xeranthemum, Staehelina and Berardia. In some respects, species of the new genus are (Dittrich, 1996) . Saussurea sect. Jacea currently comprises three morphologically recognisable and geographically separate species in the western and central Himalayas and the Qinghai-Tibetan Plateau, indicating that it diversified within this region. Two of its species were first described under Aplotaxis (or Haplotaxis, a mere orthographic variant). However, the name Aplotaxis is typified by a species that belongs to Saussurea (Raab-Straube, 2003) , so it cannot be used for this genus (Art. 10.2, Melbourne Code, McNeill & al., 2012) . Therefore, the new genus name Shangwua is proposed here, to accommodate the accepted species formerly placed in Saussurea sect. Jacea. Leaves alternate, shortly petiolate or sessile, undivided, largest at middle of stem, the lower and upper ones smaller, glabrous or abaxially densely tomentose and with sessile glands. Capitula numerous or few, usually solitary and terminal on stem and branches, homogamous, discoid. Involucral bracts in several rows, imbricate, leathery, straw-coloured with brown or black membranous margin. Receptacle flat, alveolate, without numerous alveolar bristles, but paleate with one palea per floret; paleae 1.2-2 cm, usually longer than inner phyllaries. Florets all fertile, hermaphroditic. Corolla tubular, glabrous, actinomorphic, limb ± as long as tube, throat 2-3 times longer than lobes. Filaments glabrous. Anther tube with short, undivided basal appendages. Style with thickened, 1.5-2 mm long hairy node below branches; style branches flat, acute or subacute, very short (less than 1 mm), diverging. Achenes glabrous, cylindrical, longitudinally ribbed, with basal attachment scar; apex truncate, without conspicuous rim. Pappus homomorphic, bristles straw-coloured to brownish, arranged in a single row, plumose, unequal in length, connate at base and fused with achene, persistent.
TAXONOMIC TREATMENT
Etymology. -The name Shangwua is proposed here after the given name of Prof. Shangwu Liu, a taxonomist who has made major contributions to our understanding of the Compositae of the Qinghai-Tibetan Plateau.
Taxonomy and distribution.
-After a complete revision, three species are recognised under the genus Shangwua (see below; for details see Electr. Suppl.: Appendix S1). All of them are distributed in high mountains of Asia. Two of them occur in Pamir, Hindukush and Karakorum, whereas the third has a wider distribution on the southern edge of the Qinghai-Tibetan Plateau from the western Himalaya in India to the Hengduan mountains in Yunnan and Sichuan (Fig. 5 ).
Key to three species recognised in Shangwua 1. Middle stem leaves lanceolate, more than 6 cm long, margin serrulate or denticulate ... 1. Shangwua denticulata 1. Middle stem leaves ovate to elliptic, less than 6 cm long, margin entire or minutely denticulate . Klotzsch (Berlin) , which was almost entirely destroyed during the Second World War. The only extant original material is the plate from the protologue (Klotzsch & Garcke, 1862: t. 79 ), designated as the lectotype (Fig. S4) . It shows some important diagnostic features of the genus in detail, such as the undivided, short, basal anther tails (Fig. 4C) , the short, diverging style arms and the long, thickened, hairy zone below the bifurcation (Fig. 4B) , the uniseriate pappus (Fig. 4E, F) , and a dissected receptacle with few, long paleae (Fig. 4D) 
